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Abstract 

We show that, in I'^N fi^AX at the NOMAD energies, it is impossible to separate 
the products of the fragmentation of the struck quark from those of the nucleon 
remnant. The latter has a large contribution even in the current fragmentation region 
and has to be taken into account in calculating A polarization using different pictures. 
Based on this, we make a rough estimation for the longitudinal A polarization in 
v^N — fj,~AX at the NOMAD energies. A comparison with the data is given and 
predictions for v^N —i- ij,~Y!,'^X are presented. 







Longitudinal hyperon polarizations in lepton induced reactions have attracted much 
attention recently (See, e.g., p|-p!5[] and the references given there) since they provide an 
important tool to study the spin transfer in high energy fragmentation processes. Spin 
transfer in fragmentation is defined as the probability for the polarization of the fragmenting 
quark to be transferred to the produced hadron. It is one of the important issues in the 
spin effects in the fragmentation processes. The study is of particular interest because 
it is still unclear whether the SU(6) or the DIS picture is suitable for the description of 
this problem. Hyperon polarization in lepton induced reactions is an ideal place to study 
this problem since here the polarization of the fragmenting quark can easily be calculated 
and the hyperon polarization can easily be measured by measuring the angular distribution 
of its decay products. At sufficiently high energies the hadrons produced in the current 
fragmentation region of the deeply inelastic lepton-nucleon scattering can be regarded as 
being completely from the struck quark fragmentation. Therefore it can be used to study the 
spin transfer from the fragmenting quark to the produced hadron. Theoretical calculations 
using different models have been made and predictions have been givenB§F0. 

It is encouraging to see that measurements of A polarization in deeply inelastic scattering 
have been carried out by HERMES at HERaII and NOMAD at CERN0. They respectively 
measured the A polarization in e^p e'^AX at Eg = 27.6 GeV and in z/^A^ —* fi^AX at, on 
the average, E^, = 44 GeV. In particular, NOMAD has measured it with rather high accuracy 
and has obtained the Pa's for both target and current fragmentation regions, hence also its 
xp dependence. [Here, xp = 2p\\/W, p\\ and W are respectively the momentum component 
of the produced hyperon parallel to the virtual boson direction and the total energy of the 
produced hadronic system in the center of mass (cm.) frame of the system]. However, if we 
compare the NOMAD data0 with the theoretical predictions in [Q^|ll|], we see the following 
distinct difference: While all the theoretical results go to zero when xp goes to zero, the data 
show that I Pa I rises monotonically when xp decreases from positive to negative. It does not 
go to zero when xp goes to zero. What does this tell us? Does it imply that none of the 
pictures in P,p|-|Tl|l for spin transfer in high-energy fragmentation processes is applicable in 
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In this note, we show that the answer to the question should be "No!" This is because, 
in all of the above-mentioned calculation^liHi3, only the struck quark fragmentation has 
been taken into account and the influence from the fragmentation of the remnant of the 
scattered nucleon was neglected. This is a good approximation only at high energies. In 
contrast, in the NOMAD or HERMES energy region, the influence of the fragmentation of 
the nucleon remnant is usually very large. We have to take them into account in particular 
in the region near xp = 0- We will show our results from a Monte-Carlo calculation using 
the event generator LEPTolii and make a rough estimation of the A polarization by taking 
the fragmentation of the nucleon remnant into account using a valence quark model. 

We recall that, in deeply inelastic lepton- nucleon scattering, we are usually envisaged 
with the following picture: During the collision, a quark (or an anti-quark) was struck by 
the exchanged virtual boson. Viewed in the cm. frame of the hadronic system, the struck 
quark (anti-quark) flies in the opposite direction as the nucleon remnant. The system, which 
consists of the struck quark and the nucleon remnant, then fragments into the produced 
hadrons. At sufficiently high W, the hadronization products which contain the struck quark 
and those which contain one or more of the valence quarks of the nucleon remnant are 
usually the leading particles in the two opposite directions. Their xp^s are usually large 
in magnitude and opposite in sign so that they are well separated from each other. When 
we study the hyperon polarization in the large and positive xp region, i.e. in the current 
fragmentation region, we need only to take the fragmentation of the struck quark into 
account but the influence of the nucleon remnant can be neglected. However, in e.g. the 
NOMAD experiments, where z/^A^ — > ^^AX is studied, the incident energies of z/^ lies 
between 10 and 50 GeV, and W is only several GeV. In this case, the number of the 
produced hadrons is usually very small. The \xf\ for the hadrons which contain the struck 
quark or one or more of the valence quarks of the nucleon remnant can also be very small. 
It is even possible that they move in the opposite direction as the quark did before the 
fragmentation. As a consequence, it is impossible to separate the fragmentation products of 
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the struck quark and those of the nucleon remnant from each other, even at relatively large 
xp- In particular, in the region of Xi? ~ 0, the contributions from the nucleon remnant can 
be very important. 

To study this effect explicitly, we now take f^p — > ii~AX as an example. At the relatively 
low energies, we consider only the valence quarks of proton thus are envisaged with the 
following picture: In the collision, a d-quark in proton is knocked out and converted to a 
w-quark, which flies in the opposite direction as the remaining (uu)-diquark. This u-{uu) 
system then fragments into hadrons. There are following possibilities to produce a A which 
contains one of the three w-quarks: 

(1) directly produced and contains the struck u; 

(2) directly produced and contains one of the u from the (MM)-diquark; 

(3) decay product of a directly produced hyperon resonance that contains the struck u; 

(4) decay product of a directly produced hyperon resonance that contains the two w's or 
one of them from the (MM)-diquark. 

In the cases (1) and (3), the vacuum excitation of a diquark-anti-diquark pair is needed. 
There should be at least one more baryon and an anti-baryon produced, i.e., there should 
be at least two baryons and one anti-baryon produced in the reaction. In the cases (2) and 
(4), there is no need for such vacuum excitation and there can be only one baryon produced. 
Since the total cm. energy of the ■u-(-UM)-system W is only several GeV, the probabilities for 
the cases (1) and (3) should be much more suppressed compared with those for the cases (2) 
and (4). Also because the energy of any one of the it's in the (itit)-diquark is quite low, the 
A produced in case (2) and (4) may not necessarily fly in the same direction as the original 
li-quark. It can also be in the opposite direction. In particular in the xp ^ region, the 
contributions from the cases (2) and (4) can dominate. 

Since whether the cases (2) and (4) dominate and, if yes, how strongly they dominate the 
A production in i/^p — > ii~AX, are questions independent of the spin transfer in fragmenta- 
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tion process, we can study them using a hadronization model which give a good description 
of the properties of the hadrons produced in unpolarized reactions. We thus use the event 
generator LEPTO0 based on Lund modelS to make the numerical estimations. We gener- 
ated about 10^ Uf^p yU"AX events, analyzed the origins of the produced A's and obtained 
the results shown in Fig.l. From the figure, we see clearly that the contributions from the 
cases (2) and (4) are important. They are much higher than those from the cases (1) and 
(3) in the region near xp = 0. Hence, to calculate the polarization of A in z/^p —* fi~AX 
at such energies, in particular for ~ 0, we have to take the fragmentation of the nucleon 
remnant into account. 

Having seen that the contributions from the nucleon remnant are indeed very important 
in the NOMAD energy region, we now calculate the A polarization in z/^A^ fx^AX by 
taking them into account. Apparently, the detailed results should depend very much on the 
polarizations of the quarks in the nucleon remnant, which are unclear yet. It is thus impos- 
sible to make a detailed calculation at present. However, since the energies are relatively 
low, the characteristic features of the results should be mainly determined by the valence 
quarks. We therefore make a rough estimation using a valence quark model to calculate the 
polarizations of the quarks in the nucleon remnant in the following. 

Since we take only the valence quarks in the nucleon into account, the leading order hard 
subprocess in u^N —>■ fi~HX can only be u^d —>■ fi~u. According to the standard model for 
electro- weak interaction, the polarization of the outgoing struck quark is p^**™) = — 1. We 
neglect the mass of the quarks, hence the helicity of the quark is conserved in the process 
u^d fi~u. So the (i-quark was also in the helicity "— " state before the scattering. For 
the reaction z/^p fx^HX, the nucleon remnant is a ('U-u)-diquark. If the proton was 
in the helicity "+" state, the remaining (uM)-diquark has to be in state. (Here 

we use the subscripts to denote the spin and its component along the moving direction 
of the outgoing struck quark in the cm. frame of the hadronic system. The minus sign 
is because the moving direction of the outgoing struck quark is opposite to that of the 
diquark.) The relative probability, obtained from the SU(6) wave function, is 2/3. If the 
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proton is in the helicity "— " state, the remaining (■u-u)-diquark has to be in (uu) i^q state, 
and the relative probabihty is 1/3. Hence, the w-quark in the nucleon remnant is polarized 
and the polarization is P^^^^p^ = —2/3. For the reaction z/^n fi^HX, the nucleon remnant 
is a (M(i)-diquark. Similarly, we obtain that this (M(i)-diquark can be in the [ud) {ud)i^Q 
or ('U(i)o,o state, and the relative probability is 1/6, 1/12 or 3/4 respectively. Hence, the 
polarization of the u- or (i-quark in the neutron remnant is P^'^*'") = pj*^*'") = —2/3 if it is 
from the spin-1 {ud)-diqnaik or p^'^*'") = pj'^*'") = if it is from the spin-0 ('U(i)-diquark. 

All these polarizations can be transferred to the hyperons produced in the hadronization. 
We calculate the polarizations for the hyperons of the different origins in the following ways: 
For those which are directly produced and contain the struck quark or one of the quarks 



in the nucleon remnant, we calculate in the same way as we did in P,|8|, p!0| , p!2| for q HX 
using two different pictures, i.e. the SU(6) and the DIS pictures. For those which are 
directly produced and contain the diquark, we calculate using the SU(6) wave-function. 
The polarization of the A in the final state in u^p n^AX is given by. 

Pa = [Pr^)^,(n«) + Pf '^)^„(nf ) +j:tZH,PHAnA,H,)]/{nT^'^). (1) 

j 

where (n^^^) and (n^l^) are the average numbers of the A's of the origins (1) and (2) mentioned 
above respectively, and {n^^Hj) is that from the decay of Hj^s; Ph^ is the polarization of 
Hj] is the total number of A's. These average numbers are determined by the 

hadronization mechanisms, and we just use the results obtained from lepto. t^^ is the 
fragmentation polarization transfer factor, which is the probability for the polarization of 
M-quark to be transferred to A if the A contains this M-quark. It is different in the SU(6) 
or the DIS picture. t^^^Hj is the decay polarization transfer factor determined by the decay 
process. For details of and tu, u., see e.g. |1^ and the references given there. 

After the calculations, we obtain the longitudinal polarization of A in u^p — > fi~AX 
and Ufj^n fi^AX at E^, = 44GeV as shown in Figs. 2a and 2b. To show the influence 
of the nucleon remnant fragmentation, in the figures, we show also the results in the case 
when only the struck quark fragmentation is taken into account. From Fig. 2a, we see 



that the contributions from the (MM)-diquark fragmentation are indeed very large, even at 
xp > 0. In fact, the characteristic features of the resuhs in the region around xp ^ are 
mainly determined by the (Mu)-diquark fragmentation. E.g., we see that, in this region, 
Pa{l) is negative and \Pa{l)\ increases with decreasing xp. This is determined by the decay 
contribution of the S*"'''s which contain the (uu) diquarks. It contributes negatively to 
Pa{l) and the contribution increases with the decreasing xp. Compare the results in Fig. 2a 
with those in Fig. 2b, we see that, Pa{l) for z/^ri — ^ fi~AX differs greatly from that for 
Ufj^p fi~AX. It is very small in the whole xp region. This is because the contributions 
from the decay of the heavier hyperons which contain the {ud)i or a u- or a d-quark from 
{ud)i are different in sign and cancel with each other. Since NOMAD has approximately an 
isobar target, the NOMAD data0 corresponds approximately to a mixture of (2/3) n- and 
(1/3) p-targets. We add the results with these weights and compare the obtained results 
with the data0 in Fig. 2c. We see that the qualitative features of the results agree with the 
data0. 

We also made similar calculations for -Ps+{l) in ~^ ^^H^X and obtained the results 
in Fig. 3. The advantage to study S+ instead of A is that the decay contributions to S"*" are 
much smaller. The major contribution to u^p yU^S+X is from the (uu) fragmentation. 
The S+'s which contain the (MM)-diquark dominate for most xp. This is why we see that the 
obtained -Pe+(l) is negative and its absolute value is very large for u^p —>■ /x^S+X. These 
can be checked by future experiments. 

It should be noted that, almost at the same time, another group has carried outEl the 
similar calculations as presented in this paper independently using a different model for 
the spin transfer in the fragmentation of diquarks. The aim of the authors was to use A 
polarization in such process to study the polarization of the strange sea in nucleon. Assuming 
that there is a correlation between the polarization of the strange sea and that of the struck 
quark (which was not included in our calculations), they obtained a good fit to the NOMAD 
data0. The authors also found similar effect which confirms the conclusion that we present 
above and briefly reported earlier in the conference talksS. We also note that, ii 



m our 



calculations, we used the default set of parameters in jetset, and such set of parameters may 
not, as pointed out in [|18|, reproduce the data on the average numbers of the strange baryons 
produced in the process. However, since we are interested in the relative contributions of 
A from the different sources (1) to (4) mentioned above, this may be not very sensitive to 
our results in particular the qualitative conclusions we reached above. More precisely, there 
should be little influence from the parameters such as the overall strange suppression etc. 
But there can be some influence from the parameters such as decuplet baryon production 
suppression etc since a large part of the contribution from the diquark fragmentation come 
from S* decay. To see whether this is true, we tuned the related parameters and repeated 
the calculations. We found out that there are indeed some influence on the quantitative 
results but the qualitative features remain. 

In summary, we show that the products from the fragmentation of the struck quark 
and those of the nucleon remnant can not be separated from each other in the NOMAD 
energy region. The latter gives the dominant contribution in the region around xp ^ 
and the characteristic features of the hyperon polarization in this region are determined 
by this contribution. We made a rough estimation of the A polarizations by taking the 
fragmentation of the nucleon remnant into account and the results are consistent with the 
NOMAD data. Further predictions for u^^N — » fi^H^X are made. 

We are in debt to Dr. D. Naumov, who suggested us to make the research in the 
target fragmentation region and continuously communicated with us on different aspects. 
This work was supported in part by the National Science Foundation of China (NSFC), 
the Education Ministry of China under Huo Ying-dong Foundation, and the Postdoctoral 
Science Foundation of China. 
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FIGURES 




Fig. 1. Different contributions to A in i/^p ^~ KX at Ei, = 44GeV. Here, the solid, dotted, 
daslied and dash-dotted hnes denote respectively (1) directly produced and contain the struck 
quark; (2) directly produced and contain a u-quark in (nn)i; (3) decay products of hyperons which 
contain the struck quark; (4) decay products of hyperons which contain the {uu)i or a n in the 
(nn)i. 
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Fig. 2. ^A{L) ^-s a function of xp in I'^N — s- ^~ KX at Ey = 44 GeV when both the contributions 
from the fragmentation of the struck quark and that of the nucleon remnant are taken into account 
(solid and dotted lines), compared to the results when only the struck quark fragmentation is taken 



into account (dashed and dash-dotted lines). The data are taken from [14|. 
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Fig. 3. -Ps+(L) as a function of a;^ in v^j^N ji'T^^X at = 44 GeV when both the contribu- 
tions from the fragmentation of the struck quark and that of the nucleon remnant are taken into 
account (sohd and dotted Unes) , compared to the results when only the struck quark fragmentation 
is taken into account (dashed and dash-dotted lines). 
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